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University,  St.  Louis,  MO.  (Sponsored  by  Manish  Tandon,  Department  of  Surgery, 
Yale  University  School  of  Medicine). 

The  purpose  of  this  study  was  to  determine  if  nonoperative  treatment  of  blunt 
liver  and  splenic  injuries  has  any  long-term  consequences  that  may  be  detrimental  to 
patients.  A  retrospective  review  was  conducted  of  1 12  adult  trauma  patients  that 
were  treated  nonoperative ly  for  blunt  abdominal  trauma  between  1991  and  1998. 

The  patient  records  were  followed  up  to  see  if  this  patient  population  had  an 
increased  occurrence  of  medical  problems  that  could  be  related  to  nonoperative 
management.  Approximately  one  patient  developed  post  transfusion  hepatitis,  two 
patients  developed  delayed  hemorrhage  of  their  injuries  but  continued  to  be  managed 
nonoperatively,  one  patient  failed  nonoperative  treatment  and  required  splenectomy, 
three  patients  developed  sepsis,  and  one  patient  died  during  nonoperative 
management  from  an  asthma  exacerbation.  There  was  no  incidence  of  small  bowel 
obstruction  in  the  series.  It  appears  from  this  data  that  long-term  complications 
related  to  nonoperative  management  are  minimal,  and  it  should  continue  to  be  the 
treatment  of  choice  in  hemodynamically  stable  patients  who  sustain  blunt  abdominal 


trauma. 


Acknow  ledgements 

This  thesis  is  dedicated  to  the  memory  of  my  grandfather  David  Gutierrez 
who  passed  away  while  I  was  interviewing  for  medical  school,  to  my  grandmother 
Frances  Fischer  who  passed  away  during  my  second  year  of  medical  school,  and  to 
my  grandfather  Eric  Fischer  who  passed  away  long  before  his  time.  May  their 
memories  live  on  and  may  they  rest  in  peace. 

I  would  also  like  to  thank  my  family  and  friends  for  their  wonderful  support 
during  medical  school,  especially  Bob  and  Adele  Gutierrez,  Helen  Gutierrez,  Chris 
and  Amanda  Gutierrez,  Tommy  and  Christina  Harter,  Mike  and  Stephanie  Cheng, 
Kenny  Winkler,  Fred  Cobey,  Dinakar  Shenbagamurthi,  John  Yang,  Jenny  dePuzo, 
Jenn  Leong,  and  Genevieve  Laguna. 

I  would  like  to  personally  thank  Dr.  Peter  Angood  and  Dr.  Manish  Tandon 
for  their  hard  work  and  dedication  in  helping  me  with  this  thesis  project,  and  Stacey 
Poliquin  for  allowing  me  to  use  her  office.  Without  their  help  and  input,  this  project 
would  not  have  been  done.  I  would  also  like  to  thank  the  Department  of  Student 
Research  for  all  of  their  help  during  the  completion  of  this  thesis  project,  and  for  the 
Summer  Research  Fellowship  that  allowed  this  project  to  get  off  the  ground. 


Table  of  Contents 


Introduction  .  1 

Statement  of  Purpose 

and  Hypothesis  .  8 

Methods  .  9 

Results  .  10 

Discussion  .  16 

Conclusion  .  22 

References  .  24 

Figures  . 30 

Tables  .  34 


Introduction 


For  centuries,  surgeons  have  struggled  with  the  management  of  traumatic 
liver  and  splenic  injuries.  Both  are  solid  organs  that  are  commonly  injured  in  blunt 
abdominal  trauma,  with  the  liver  and  spleen  being  the  first  and  second  most 
commonly  injured  organs,  respectively  (1).  Anatomically,  the  liver  receives  blood 
flow  from  the  hepatic  arteries  as  well  as  the  portal  vein,  and  is  a  very  vascular 
structure  that  functions  in  detoxification  and  absorption  of  materials  in  the  blood.  As 
a  result,  about  29%  of  resting  cardiac  output  flows  through  the  liver  at  any  time.  In 
addition,  it  can  be  a  reservoir  for  up  to  450  cc  of  blood  in  a  healthy  person  or  up  to  1 
liter  of  blood  in  a  person  with  congestive  heart  failure  (2). 

The  spleen  is  also  a  very  vascular  organ,  with  a  dual  arterial  blood  supply. 
Because  the  spleen  functions  as  an  immunologic  organ,  it  receives  approximately 
5%  of  the  resting  cardiac  output  (3),  and  can  be  a  reservoir  for  up  to  100  cc  of  blood 
(2).  Because  both  the  liver  and  spleen  are  so  highly  vascularized,  injuries  to  either 
organ  can  lead  to  severe  hemorrhage  and  shock.  Surgery  on  these  organs  is  very 
difficult  since  there  can  often  be  a  large  amount  of  blood  loss  associated  with 
operations,  increasing  the  morbidity  and  mortality  rate. 

The  Spleen 

In  1 866,  Evans  suggested  that  if  injured,  the  spleen  might  bleed 
catastrophically  at  a  time  remote  from  that  of  the  initial  injury.  He  believed  that  the 
thin  splenic  capsule  would  not  be  able  to  withstand  continuous  arterial  pressure  if 
injured  (4).  In  1881,  the  first  evidence  that  the  spleen  was  capable  of  healing  itself 
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was  shown  by  Billroth  in  an  autopsy  based  study  (5).  However,  in  other  pre  20lh 
century  literature,  techniques  for  both  splenic  preservation  and  excision  were 
described  (6).  In  1 892,  the  first  successful  splenectomy  after  blunt  injury  was 
reported  by  Riegner  (7),  and  in  1911,  Kocher’s  Textbook  of  Operative  Surgery 
stated  that,  "injuries  of  the  spleen  demand  excision  of  the  gland,  no  evil  effects 
follow  its  removal  while  the  danger  of  hemorrhage  is  effectively  stopped.”  (7).  By 
the  beginning  of  the  20th  century,  splenectomy  was  well  established  as  the  treatment 
of  choice  for  trauma  to  the  spleen. 

In  a  1912  report  by  Bland-Sutton,  the  splenectomy  dictum  was  reinforced 
after  nonoperative  treatment  was  shown  to  have  a  high  mortality  rate  (8).  In  1932, 
Mclndoe  reported  that  delayed  hemorrhage  from  splenic  injury  frequently  occurs 
and  has  a  comparable  mortality  rate  to  that  seen  with  primary  splenic  rupture  (9), 
once  again  reinforcing  splenectomy  as  the  treatment  of  choice  for  splenic  trauma. 

During  the  early  20th  century,  new  information  about  the  function  of  the 
spleen  began  to  emerge.  In  1918,  Pearce  reported  that  25%  of  animals  die  from 
peritonitis  or  pneumonia  post  splenectomy,  although  at  the  time  these  infections 
were  not  thought  to  be  due  to  the  removal  of  the  spleen  (10).  However,  in  1919, 
Morris  and  Bullock  reported  asplenia  as  a  cause  of  increased  infection  in  animals, 
concluding  that  removal  of  the  spleen  may  increase  the  risk  of  infection  in  humans 
as  well  (11).  It  wasn’t  until  1929  that  O’Donnell  reported  the  first  case  of  post¬ 
splenectomy  infection  in  a  human  (12),  and  in  1952  King  and  Shumacker  reported  5 
cases  of  severe  infection  in  infants  undergoing  splenectomy  (13).  In  1973,  Singer 
described  1 19  cases  of  sepsis  in  a  review  of  2795  patients  from  all  age  groups  who 
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underwent  splenectomy  for  various  reasons  (14).  Of  these  cases,  he  reported  25 
incidents  of  fulminant  sepsis  in  688  trauma  patients  aged  1  to  70  who  underwent 
splenectomy  for  traumatic  rupture,  although  “most”  patients  who  became  septic 
were  less  than  15  years  of  age  (14).  However,  in  1986,  Green  et  al  reported  major 
septic  complications  in  5.9%  of  their  adult  post  splenectomy  trauma  population,  and 
recommended  attempts  at  splenic  salvage  when  possible  because  of  the  increased 
risk  of  late  septic  complications  (15). 

It  was  these  reports  and  the  surgeons’  awareness  of  the  increased  risk  of 
infection  post-splenectomy  that  first  prompted  the  trend  towards  splenic  preservation 
(16-20)  and  nonoperative  management  of  splenic  injuries  in  the  pediatric  population. 
Nonoperative  management  was  first  described  in  1968  by  Upadhyaya  and  Simpson 
(21),  and  as  the  success  of  this  method  in  pediatrics  became  established,  surgeons 
began  to  try  conservative  management  on  adults.  At  first  the  patient  population  was 
limited  to  isolated  splenic  injuries  of  very  low  grade  and  minimal  hemoperitoneum 
(22-27),  but  as  the  practice  became  more  widespread,  nonoperative  management 
began  to  be  applied  to  more  severe  splenic  injuries  and  in  multiply  injured  patients 
(28-34).  Although  age  over  55  years  was  originally  thought  to  be  a  contraindication 
to  nonoperative  management  because  of  decreased  success  rates  (7,  35),  most 
practitioners  currently  agree  that  nonoperative  management  can  be  applied  to  any 
hemodynamically  stable  patient  (36-39).  Nonoperative  management  should  now  be 
attempted  before  surgical  intervention  as  long  as  the  patient  is  clinically  stable. 
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The  Liver 

The  major  impetus  for  attempting  nonoperative  treatment  of  liver  injuries 
was  uncontrollable  hemorrhage  during  surgery.  Although  many  physicians  believed 
that  surgical  hemostasis  was  necessary  for  controlling  bleeding  due  to  liver  injury, 
pediatric  surgeons  were  the  first  to  show  that  nonoperative  management  of  liver 
injuries  was  a  viable  alternative.  As  early  as  1908,  Pringle  showed  minor  liver 
injuries  could  heal  without  operation  (40),  but  noted  that  “While  small  lacerations  of 
the  liver  substance  may  be,  and  no  doubt  are,  recovered  from  without  surgical 
interference:  if  the  laceration  be  extensive  and  vessels  of  any  magnitude  are  torn, 
hemorrhage  will,  owing  to  the  structural  arrangement  of  the  liver,  go  on 
continuously”  (40).  Because  of  this,  operative  management  remained  the  treatment 
of  choice  for  hepatic  injuries  for  almost  eight  decades.  However,  in  1977,  Stone  et 
al  showed  that  70%  of  blunt  liver  injuries  stop  bleeding  spontaneously  by  the  time 
the  patient  is  taken  to  the  operating  room  (41),  and  in  1982,  Carmona  et  al  reported 
that  72%-85%  of  all  traumatic  liver  injuries  are  amenable  to  simple  techniques  such 
as  packing,  draining,  or  suturing  (42).  Since  only  a  minority  needed  intensive 
surgical  procedures  to  control  bleeding,  it  followed  that  a  large  number  of  patients 
with  traumatic  liver  injuries  could  probably  be  managed  nonoperatively. 

In  1985,  Cywes  et  al  published  a  paper  describing  successful  nonoperative 
management  of  pediatric  patients  with  blunt  liver  trauma  (43).  In  1988,  Farnell  et  al 
suggested  that  adult  patients  with  blunt  liver  injuries  might  also  be  candidates  for 
nonoperative  treatment  (44).  As  has  happened  with  nonoperative  management  of 
splenic  trauma,  nonoperative  management  of  hepatic  injuries  has  also  become 
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widespread.  As  with  splenic  injuries,  the  main  criterion  for  attempting  nonoperative 
management  is  hemodynamic  stability  (1,  45-48). 

Nonoperative  management 

Since  it  was  first  attempted  in  pediatric  patients,  the  use  of  non-operative 
measures  to  manage  abdominal  solid  organ  injuries  has  been  steadily  increasing  in 
this  country  (49).  This  trend  has  come  about  due  to  several  factors,  including  the 
desire  to  cut  down  on  expensive  operations  unless  absolutely  necessary,  the 
increased  use  of  CT-scans  and  decreased  use  of  peritoneal  lavage  to  assess  the 
severity  of  abdominal  solid  organ  injury,  and  the  improved  short-term  outcomes  over 
surgery  in  patients  treated  nonoperatively  (50).  Especially  with  the  routine  use  of 
CT  scans  to  noninvasively  assess  internal  injuries  in  hemodynamically  stable 
patients  (51-55),  physicians  have  felt  more  comfortable  with  initiating  nonoperative 
management. 

While  there  has  been  one  study  that  specifically  looked  at  delayed 
complications  of  nonoperative  treatment  of  splenic  injury  (56),  one  study  that  looked 
at  long-term  outcomes  of  blunt  trauma  relating  to  functional  status  (57),  and  several 
case  reports  of  delayed  complications  of  nonoperative  management  for  both  liver 
and  splenic  injuries  (58-62),  there  has  not  been  any  study  that  specifically  looks  at 
long-term  medical  outcomes  that  may  have  occurred  secondary  to  nonoperative 
management. 

In  a  study  by  Cocanour  et  al  in  1998,  approximately  7  of  their  87  patients 
(8%)  treated  nonoperatively  developed  delayed  complications  directly  attributable  to 
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their  splenic  injury  that  required  intervention.  However,  the  latest  of  these 
complications  occurred  1  month  after  injury  (two  patients  developed  splenic 
abscesses),  while  the  remainder  of  these  complications  involved  bleeding  that 
occurred  within  the  first  3-8  days  (56).  Patients  in  this  study  were  identified  as 
having  delayed  complications  by  reviewing  the  proceedings  of  the  trauma  morbidity 
and  mortality  conference,  so  only  complications  that  occurred  in  house  after  48 
hours  were  examined.  There  was  no  attempt  to  review  follow-up  treatment  records 
or  later  readmissions  to  find  out  how  patients  did  post-discharge.  It  is  unknown  if 
any  of  these  patients  had  complications  that  occurred  or  medical  problems  that 
developed  in  the  future  since  they  weren’t  followed  after  discharge  in  this  study. 
Because  of  these  limitations,  no  conclusions  about  long-term  outcomes  after 
nonoperative  treatment  can  be  reached. 

In  another  study  looking  at  the  long-term  functional  status  after  blunt  trauma, 
almost  half  of  their  multiple  system  blunt  trauma  patients  remained  unemployed  1 
year  after  discharge.  Those  that  returned  to  work  had  higher  self  reported  scores  for 
physical  and  mental  health,  but  also  had  a  statistically  significant  lower  mean  Injury 
Severity  Score.  Unfortunately,  this  study  did  not  look  at  what  specific  medical 
conditions  the  unemployed  patients  complained  of  in  follow-up,  and  only  relied  on 
self  reported  assessments  of  how  the  patients  felt  they  were  doing.  This  study  was 
also  not  limited  to  patients  with  blunt  trauma  to  the  abdomen  or  nonoperatively 
treated  patients.  Also  the  patients  in  the  study  were  only  followed  up  one  year  after 
discharge  as  the  definition  for  long-term  (57).  Because  of  the  limitations  of  this 
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study  as  well,  no  assessment  of  long-term  complications  of  nonoperative 
management  of  blunt  abdominal  trauma  can  be  made. 

Of  the  case  reports  in  the  literature,  the  most  common  complications 
described  are  delayed  rupture  of  the  spleen  (61),  delayed  rupture  of  a  subcapsular 
hematoma  (59,62),  delayed  rupture  of  a  pseudoaneurysm  (58),  hepatic  abscess 
formation  with  sepsis  (62),  hemobilia  (58,60),  and  biliary  stricture  formation  (63). 
Occasionally  these  complications  have  led  to  hemorrhage  and  death  (59,  62). 
Although  this  has  been  reported,  these  complications  are  now  often  recognized  and 
interventions  made  before  there  is  a  poor  outcome  (1).  Diagnostic  delay  of 
associated  small  bowel  injury  has  also  been  described  (53-54,  64-69),  but  according 
to  Bensard  et  al,  this  delay  in  children  treated  nonoperatively  for  blunt  abdominal 
trauma  does  not  alter  the  hospital  course  (70).  Although  the  study  involved  patients 
18  and  under,  it  brings  into  question  whether  or  not  diagnostic  delay  would  be 
important  for  adults  as  well. 

The  initial  studies  looking  at  the  efficacy  of  nonoperative  treatment  of  blunt 
abdominal  trauma  do  report  that  patients  followed  up  to  1  year  after  management  do 
well  without  complications  (22-24,  29,  33,  43,  48,  60,  71-75).  However,  besides  one 
study  by  Farnell  et  al  that  reports  of  17  patients  followed  an  average  of  27  months 
(range  3  months  to  6  ‘A  years)  who  did  not  have  complications  (44),  there  have  not 
been  any  studies  documenting  how  patients  do  greater  than  2  years  after 
nonoperative  management.  Because  of  this  it  is  difficult  to  comment  on  any  possible 
long-term  ill  effects  that  nonoperatve  management  may  cause.  Although 
nonoperative  management  has  become  more  widespread,  as  late  as  1998,  the  Eastern 
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Association  for  the  Surgery  of  Trauma  published  guidelines  stating  that,  “There  is 
insufficient  data  to  suggest  non-operative  management  (NOM)  as  a  Level  I 
recommendation  for  the  initial  management  of  blunt  injuries  to  the  liver  and/or 
spleen  in  the  hemodynamically  stable  patient”,  because  of  a  lack  of  prospective 
randomized  studies  that  would  give  appropriate  outcome  data  (76).  Although  an 
appropriate  prospective  study  still  needs  to  be  done,  there  is  no  published 
retrospective  data  examining  long-term  outcomes  to  see  if  there  are  any  ill  effects  far 
removed  from  the  trauma  that  may  be  related  to  nonoperative  management. 

Statement  of  Purpose  and  Hypothesis 

Several  studies  have  been  done  comparing  the  short-term  outcomes  of 
nonoperative  management  of  abdominal  solid  organ  injuries  to  operative 
management  of  these  injuries,  and  have  shown  an  equal  or  higher  success  rate  for 
nonoperative  treatment  (23,  29,  31,  34,  47,  74-75,  77).  However,  a  long-term 
follow-up  study  has  not  been  done  to  assess  whether  or  not  the  nonoperatively 
managed  patients  have  an  increase  in  long-term  complications.  Although  Knudson 
et  al  reported  that  hemoperitoneum  after  liver  or  splenic  injuries  should  be  resolved 
by  day  5  after  trauma  (78),  it  is  not  known  whether  or  not  the  presence  of  blood  in 
the  abdominal  cavity  can  increase  the  incidence  of  small  bowel  obstruction  and 
adhesions,  or  have  other  ill  effects  in  the  long-term.  In  addition,  the  use  of  non¬ 
operative  treatment  for  abdominal  trauma  may  cause  other  internal  injuries  to  be 
missed  (64-69),  and  other  studies  warn  about  an  increased  amount  of  blood  products 
being  used  secondary  to  failure  of  nonoperative  management  (73,  79),  which  could 
lead  to  higher  rates  of  blood-borne  illnesses. 
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This  study  aims  to  determine  whether  there  may  be  any  long-term 
consequences  of  treating  abdominal  solid  organ  injuries  non-operatively,  by  looking 
at  how  patients  are  doing  during  follow-up  visits,  and  by  looking  at  what  medical 
problems  they  present  with  many  years  after  nonoperative  treatment.  Our  belief  is 
that  there  should  be  only  minimal  long-term  complications  for  patients  treated 
nonoperatively  compared  to  historical  data  of  those  treated  operatively  for 
abdominal  solid  organ  injuries,  and  therefore  nonoperative  management  is  a  safe  and 
effective  treatment  for  hemodynamically  stable  patients  who  suffer  blunt  abdominal 
trauma. 

Methods 

A  retrospective  review  from  January  1991  to  January  1998  of  patients 
undergoing  nonoperative  management  of  blunt  abdominal  trauma  to  the  liver  and/or 
spleen  was  conducted  at  this  level  I  trauma  center.  Four  hundred  and  fifty  five 
patients  were  selected  from  the  Yale  Trauma  Registry  by  Dr.  H.  David  Stein  on  the 
basis  of  the  discharge  diagnosis  of  liver  and/or  splenic  injury  from  ICD-9  codes. 
From  this,  charts  were  obtained  and  reviewed  by  this  author  for  approximately  one 
hundred  and  twelve  patients  that  were  selected  by  limiting  patients  to  over  16  years 
of  age  and  excluding  patients  if  they  underwent  abdominal  surgery  for  any  reason 
within  the  first  72  hours  after  admission. 

A  data  collection  form  was  designed  and  information  such  as  age,  gender, 
Injury  Severity  Score,  presence  of  hemoperifoneum,  number  of  units  of  blood 
products  transfused,  length  of  hospital  stay,  and  hemodynamic  stability  was  gathered 
for  each  patient.  The  hospital  database  (SDK)  and  patient  records  were  then 
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consulted  by  this  author  to  see  if  the  patient  had  any  further  admissions  and/or 
reassessments  after  nonoperative  management  of  their  solid  organ  injuries.  If  further 
admissions  were  discovered,  then  the  patient  record  was  pulled  and  the  nature  of  the 
admission  was  recorded.  Long-term  was  defined  in  this  study  as  any  outcome  taking 
place  greater  than  72  hours  after  admission  for  nonoperative  treatment,  and  a 
complication  was  defined  as  a  symptom  or  disease  directly  attributable  to 
nonoperative  interventions,  or  not  explainable  by  the  patient’s  prior  medical  history 
but  potentially  explainable  by  nonoperative  interventions.  Failure  of  nonoperative 
management  was  defined  in  this  study  as  any  death  or  abdominal  operation  that 
occurred  greater  than  72  hours  after  admission  but  before  discharge.  The  data  was 
then  compiled  to  see  if  there  was  an  increased  occurrence  of  a  particular  type  of 
medical  problem  in  this  patient  population,  and  to  determine  if  such  medical 
problems  might  have  a  higher  occurrence  than  has  been  described  in  operatively 
managed  patients. 

Results 

Of  the  112  patients  surveyed  (Table  1),  approximately  47  were  found  to  be 
doing  well  in  follow-up.  Approximately  23  had  no  further  re-admissions  or  follow¬ 
up  re-evaluations  on  record,  and  were  lost  to  follow-up.  Approximately  4  patients 
failed  nonoperative  treatment,  with  three  of  these  patients  requiring  abdominal 
surgery  during  their  admission.  One  patient  died  during  nonoperative  management 
secondary  to  an  asthma  exacerbation.  The  remaining  38  patients  were  re-evaluated 
for  diverse  medical  problems  after  discharge,  including  those  both  related  and 
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unrelated  to  nonoperative  treatment  of  their  abdominal  injuries.  Of  the  85 
nonoperatively  managed  patients  that  were  not  lost  to  follow-up,  the  mean  length  of 
follow-up  was  632.8  days,  with  a  standard  deviation  of  858.6  days  (range  1  day  -  9 
years). 

The  average  age  of  the  patients  surveyed  was  39.0  (SD  +/-  18.9,  range  16  to 
93  years  old),  with  a  mean  length  of  stay  of  7.5  days  (SD  +/-  9.3  days,  range  1  to  64 
days).  In  the  patient  population  surveyed,  there  were  84  males  and  28  females. 
Approximately  54  of  the  nonoperatively  treated  patients  surveyed  had 
hemoperitoneum  identified  on  CT  scan  at  admission,  with  17  patients  requiring 
transfusion  of  blood  products.  The  mean  number  of  units  of  blood  products 
transfused  was  3.4  units  (SD  +/-  3.7  units,  range  1  to  17  units)  in  the  nonoperatively 
managed  patients  that  received  blood  products.  If  all  nonoperatively  managed 
patients  are  included,  then  the  mean  number  of  units  transfused  was  0.54  units  (SD 
+/-  1.9  units),  with  approximately  15.7%  of  the  nonoperatively  treated  patients 
receiving  one  or  more  units  (Table  1).  The  patients  surveyed  that  did  not  fail 
nonoperative  management  had  a  mean  Injury  Severity  Score  of  1 1.4  (SD  +/-  7.4, 
range  4  to  43)  with  liver  and/or  splenic  injuries  ranging  from  Grade  I  to  Grade  IV 
(Table  1).  The  mean  grade  for  liver  injuries  was  Grade  II  (mean  =  1 .7,  SD  +/-  0.83), 
and  the  mean  grade  for  splenic  injuries  was  also  Grade  II  (mean  =  1.7,  SD  +/-  0.79) 
(Table  1). 

Of  the  four  patients  that  failed  nonoperative  management  (Table  2),  the  mean 
Injury  Severity  Score  was  23.5  (SD  +/-  14)  versus  1 1.4  for  those  patients  that  did  not 
fail  nonoperative  management  (p  =  0.0024),  with  the  mean  length  of  stay 
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significantly  longer  (37.3  days  versus  6.4  days,  p  <  0.0005).  These  patients  also 
required  transfusion  of  significantly  more  blood  products  than  those  that  did  not  fail 
nonoperative  management  (14.3  units  versus  3.4  units,  p  =  0.03).  However,  there 
was  no  significant  difference  between  the  average  severity  of  liver  or  splenic  injuries 
between  those  who  failed  nonoperative  treatment  and  those  who  didn’t  (mean  liver 
grade  1.5  versus  1.7,  p  =  0.74;  mean  splenic  grade  2.0  versus  1.7,  p  =  0.47)  (Fig.  1). 

When  the  patients  were  stratified  according  to  year  of  nonoperative 
management  (Table  3),  there  was  a  significant  difference  found  between  the  patient 
populations  (p  =  0.032)  as  far  as  Injury  Severity  Scores,  but  there  was  no  significant 
difference  between  the  patient  populations  when  comparing  splenic  injury  grade  (p  = 
0.31)  or  liver  injury  grade  (p  =  0.16)  (Fig.  2).  There  was  also  no  significant 
difference  between  length  of  stay  in  the  patient  populations  (p  =  0.15)  (Fig.  3)  or  age 
of  the  patients  treated  (p  =  0.94)  (Fig.  4). 

Of  the  patients  surveyed,  approximately  24  had  medical  conditions  or 
complaints  that  were  abdominal/gastrointestinal  in  origin  (Table  4).  Of  these 
complaints,  approximately  4  involved  the  upper  GI  tract  (patients  #485,  #2683, 
#3000,  #3009),  6  involved  the  lower  GI  tract  (patients  #2281,  #2321,  #2345,  #2393, 
#2486,  #2901),  8  involved  the  liver  (patients  #158,  #539,  #900,  #992,  #1727,  #1930, 
#3910,  #4372),  2  involved  the  spleen  (patients  #726,  #928),  and  4  involved  various 
other  structures  in  the  abdominal  cavity  (#674,  #1472,  #2505,  #3370).  There  were 
no  patients  in  this  series  that  developed  small  bowel  obstruction.  Of  these 
complaints,  only  4  are  likely  related  to  nonoperative  management  and  will  be 


described  further. 
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Three  patients  were  diagnosed  with  hepatitis  after  nonoperative  treatment. 
Out  of  these  patients,  only  one  likely  received  hepatitis  from  transfusion  of  blood 
products  during  nonoperative  management,  since  the  other  two  patients  (#2901, 
#3910)  had  no  record  of  transfusions  in  their  chart  and  a  history  of  IV  drug  abuse. 

Of  these  patients,  the  one  patient  (#992)  confirmed  with  post  transfusion  hepatitis 
had  received  approximately  13  units  of  PRBCs  and  4  units  of  whole  blood  for  a 
Grade  II  splenic  and  Grade  I  liver  laceration,  and  was  diagnosed  with  Hepatitis  C 
approximately  3  months  after  discharge.  Approximately  8  years  after  diagnosis,  the 
patient  remains  asymptomatic  with  normal  liver  function  and  a  low  viral  load 
according  to  his  clinic  chart.  There  was  no  history  of  previous  transfusions  or  IV 
drug  abuse  in  this  patient’s  past  medical  history,  and  the  hepatitis  was  believed  by 
the  patient’s  physician  to  be  transfusion  related. 

One  patient  (#674)  surveyed  was  treated  for  idiopathic  retroperitoneal 
fibrosis  approximately  XA  year  after  nonoperative  treatment.  His  past  medical  history 
was  only  significant  for  tobacco  use  and  hypertension,  and  he  was  nonoperatively 
treated  for  a  Grade  I  liver  laceration  with  no  evidence  of  hemoperitoneum  or 
retroperitoneal  bleed  on  CT  scan.  However,  his  admission  CT  scan  did  show 
bilateral  ureteropyelocalyectasis,  no  excretion  of  contrast  to  the  left  kidney,  and 
significant  periaortic  fibrous  tissue,  indicating  that  this  condition  was  likely 
preexistent  to  his  abdominal  trauma. 

Two  other  patients  were  found  to  have  extension  of  their  injuries  on  repeat 
CT  scans  several  days  after  admission,  and  another  patient  (#726)  was  noted  to  have 
persistent  heterogeneity  in  the  spleen  approximately  23  days  after  admission.  One 
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patient  (#928)  with  a  Grade  II  splenic  injury  was  found  on  a  repeat  CT  scan  5  days 
after  admission  to  have  had  a  delayed  splenic  hemorrhage.  The  patient  was 
hemodynamically  stable  throughout  his  admission,  and  did  not  require  transfusion  of 
any  blood  products.  He  was  discharged  on  hospital  day  #6.  A  second  patient 
(#1727)  with  a  Grade  II  liver  laceration  was  found  to  have  extension  of  a  liver 
hematoma  on  a  CT  scan  3  days  after  admission.  This  patient  also  remained 
hemodynamically  stable  and  did  not  require  transfusion  of  blood  products.  This 
patient  was  discharged  on  hospital  day  #7. 

Approximately  three  patients  in  this  series  were  noted  to  have  developed 
sepsis  during  admission.  One  patient  (#1111)  developed  overwhelming  infection 
during  nonoperative  management.  This  patient  had  a  Grade  I  splenic  and  Grade  II 
liver  laceration,  and  developed  both  pneumonia  and  a  wound  infection  before  he 
became  septic.  Two  other  patients  (#1520  and  #4027)  that  developed  sepsis  were 
operatively  managed.  One  patient  (#1520)  had  a  splenectomy  and  became  septic 
with  Candida  post  op.  The  other  patient  (#4027)  had  a  Grade  II  splenic  injury  and 
developed  MRSA  line  sepsis  after  operations  for  gangrenous  cholecystitis  and  colon 
carcinoma. 

Approximately  four  patients  failed  nonoperative  treatment,  with  one  patient 
death  secondary  to  a  coexisting  condition.  This  patient  (#1030)  died  on  hospital  day 
#4  secondary  to  acute  decompensation  from  asthma.  His  past  medical  history 
included  COPD,  a  remote  history  of  tuberculosis,  history  of  asthma,  and  oxygen 
dependency  at  home.  The  patient  had  remained  hemodynamically  stable  and  did  not 


-  15  - 


require  transfusion  of  blood  products,  but  had  significant  respiratory  issues  that 
contributed  to  his  death. 

The  three  other  patients  required  operative  intervention  greater  than  72  hours 
after  admission,  with  a  mean  interval  of  15.7  days  (SD  +/-  15.1  days,  range  5-33 
days)  until  abdominal  surgery  was  needed.  Two  patients  (#202  and  #1520)  required 
exploratory  laparotomies  secondary  to  hemodynamic  decompensation,  with  one 
patient  (#1520)  eventually  receiving  a  splenectomy  and  excision  of  gastric  ulcers. 
The  exploratory  laparotomy  on  patient  #202  on  hospital  day  #5  did  not  find  any 
source  of  bleeding  and  less  than  50  cc  of  old  blood  in  the  abdomen,  and  the  patient 
was  discharged  on  hospital  day  #22.  The  third  patient  (#4027)  required  a  sigmoid 
colectomy  for  metastatic  colon  carcinoma  and  a  cholecystectomy  for  gangrenous 
cholecystitis  approximately  33  days  after  admission,  despite  clinical  suspicion  of 
cholecystitis  as  early  as  6  days  after  admission.  This  patient  also  developed 
abdominal  wound  dehiscence  approximately  4  days  after  his  operation  and  needed  to 
have  retention  sutures  placed.  Although  this  patient  did  not  truly  fail  nonoperative 
management,  he  is  included  in  this  group  because  of  the  abdominal  operation  during 
his  admission.  This  allows  for  a  more  fair  comparison  to  be  made  when  looking  at 
long-term  complications  that  may  be  secondary  to  operative  intervention  versus 
nonoperative  intervention. 

Two  other  patients  in  this  series  (#539  and  #1929/1930)  were  admitted  a 
second  time  for  blunt  abdominal  trauma  with  injuries  to  the  liver.  No  complications 
developed  in  either  patient.  Details  of  the  second  visit  for  patient  #539  is  not 
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included  in  this  study  since  his  readmission  fell  outside  of  the  time  period  from 
which  the  patients  were  selected. 

Discussion 

No  previous  study  has  been  done  to  look  at  long-term  outcomes  of  patients 
treated  nonoperatively  for  blunt  abdominal  injuries.  While  it  has  been  shown  that  in 
the  short-term,  patients  nonoperatively  treated  do  as  well  or  better  than  patients 
treated  surgically  for  blunt  abdominal  injuries  (23,  29,  31,  34,  47,  74-75,  77),  it  has 
only  been  within  the  past  decade  (33,  45)  that  nonoperative  management  has  become 
the  standard  of  care,  making  a  long-term  study  such  as  this  one  difficult  to  carry  out 
because  both  the  length  of  time  and  number  of  patients  that  have  been 
nonoperatively  treated  has  not  been  sufficient.  Because  no  data  has  been  available, 
it  has  been  assumed  that  nonoperative  management  does  not  have  any  long-term 
consequences  to  the  patient’s  health,  and  that  the  consequences  are  less  than  if 
patients  were  treated  surgically. 

Looking  at  the  outcome  studies  for  patients  treated  surgically  for  blunt 
abdominal  injuries  to  the  liver  and  spleen,  it  is  easy  to  see  why  conservative 
management  has  become  so  prominent.  Some  of  the  complications  from  surgical 
management  include  overwhelming  post-splenectomy  sepsis,  infection,  small  bowel 
obstruction,  hemorrhage,  a  higher  risk  of  hepatitis  B,  hepatitis  C,  and  HIV  from  an 
increased  use  of  blood  products,  death,  and  numerous  other  complications  (50,  80). 
In  examining  the  data  from  this  series,  it  would  appear  that  the  actual  number  of 
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long-term  complications  that  are  likely  due  to  nonoperative  treatment  is  extremely 
small. 

According  a  meta-analysis  by  Holdsworth  et  al,  the  incidence  of 
overwhelming  post-splenectomy  sepsis  in  adults  is  0.9  percent  with  a  mortality  rate 
of  0.8  percent,  with  52%  of  all  first  infections  occurring  within  the  first  2  years  after 
splenectomy  (81).  According  to  Pimpl  et  al,  splenectomy  generates  a  considerable 
life  long  risk  of  both  severe  infection  and  thromboembolism  (82).  Although  the 
incidence  of  infection  is  much  lower  than  in  children  (an  incidence  of  4.4  percent 
with  a  mortality  rate  of  2.2  percent),  adults  who  do  develop  a  post-splenectomy 
infection  appear  to  develop  a  septicemic  illness  with  a  higher  mortality  rate,  making 
this  complication  in  adults  extremely  worrisome  (81).  Because  the  spleen  is  not 
removed  in  nonoperative  management,  overwhelming  post-splenectomy  sepsis 
would  not  be  expected  to  occur  in  conservatively  managed  patients.  In  this  series, 
there  was  one  patient  (#1111)  that  developed  overwhelming  infection  during 
nonoperative  management.  This  patient  had  a  Grade  I  splenic  and  Grade  II  liver 
laceration,  and  developed  both  pneumonia  and  a  wound  infection  before  he  became 
septic.  Because  of  this,  it  is  unclear  what  role  his  splenic  injury  may  have  had  in  the 
development  of  his  sepsis.  Two  other  cases  of  sepsis  did  occur  in  two  of  the  patients 
(#1520  and  #4027)  that  failed  nonoperative  treatment  and  had  to  be  operatively 
managed.  One  patient  (#1520)  had  a  splenectomy  and  became  septic  with  Candida 
post  op.  The  other  patient  (#4027)  had  a  Grade  II  splenic  injury  and  was  operated  on 
for  gangrenous  cholecystitis  and  had  a  sigmoid  colectomy,  but  did  not  have 
splenectomy  or  splenorrhapy  performed.  He  was  noted  to  have  developed  MRSA 
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line  sepsis,  so  appears  to  have  become  septic  from  an  indwelling  catheter  rather  than 
because  of  compromised  splenic  function.  Although  the  2.7%  of  patients  in  this 
series  that  developed  sepsis  is  greater  than  the  0.9%  incidence  of  post-splenectomy 
sepsis  described  by  Holdsworth  et  al  (81),  the  cause  of  sepsis  in  two  of  the  patients  is 
most  likely  unrelated  to  their  splenic  injuries.  If  these  two  patients  are  excluded, 
then  0.9%  of  the  patients  in  this  series  developed  sepsis,  which  is  agreeable  to  the 
rate  described  by  Holdsworth  et  al.  No  patient  in  this  series  was  noted  to  develop 
sepsis  or  be  readmitted  for  sepsis  after  discharge. 

The  incidence  of  small  bowel  obstruction  after  surgery  is  reported  to  be  0.69 
percent  (80),  with  a  1.12  percent  incidence  for  trauma  patients  (80)  within  the  first  4 
weeks  after  surgery.  The  mortality  rate  for  small  bowel  obstruction  is  reported  to  be 
17.8  percent  (80).  According  to  Tortella  et  al,  the  incidence  for  small  bowel 
obstruction  after  celiotomy  for  penetrating  abdominal  trauma  is  7.4  percent  (83),  and 
although  the  incidence  is  not  likely  to  be  the  same  for  nonpenetrating  trauma,  these 
patients  have  similar  risk  factors  for  adhesions  and  small  bowel  obstruction  such  as 
possible  contamination  from  bowel  contents,  hemoperitoneum,  and  tissue  damage 
secondary  to  trauma.  In  this  series,  approximately  54  patients  were  noted  to  have 
hemoperitoneum  on  their  CT  scan.  Neither  any  of  these  patients,  those  operatively 
treated,  or  any  patients  without  hemoperitoneum  noted  on  CT  scan  developed  small 
bowel  obstruction  as  a  complication.  The  0.0%  incidence  of  small  bowel  obstruction 
noted  in  this  study  compares  favorably  to  both  the  reported  1.12%  incidence  for  all 
trauma  patients,  and  the  7.4%  incidence  for  post-celiotomy  patients  with  penetrating 
abdominal  trauma.  However,  because  the  sample  size  is  limited,  the  actual 
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incidence  of  small  bowel  obstruction  after  nonoperative  treatment  may  be  larger  than 
indicated  by  this  study. 

Numerous  studies  have  shown  that  nonoperatively  treated  patients  require 
fewer  units  of  blood  products  (44,  74-75),  and  are  therefore  at  decreased  risk  for 
acquiring  blood  borne  infections.  In  a  review  by  Goan  et  al,  the  average  number  of 
blood  products  received  by  nonoperatively  managed  versus  operatively  managed 
patients  was  3.3  units  versus  7.8  units  (47).  In  this  series,  the  average  number  of 
units  of  blood  products  received  in  nonoperatively  managed  patients  transfused  was 
comparable  to  that  found  by  Goan,  at  approximately  3.4  units  per  patient,  while 
those  that  failed  nonoperative  treatment  received  on  average  14.3  units.  This 
reinforces  the  results  of  previous  studies  that  show  nonoperatively  treated  patients 
receive  fewer  blood  products  than  operatively  managed  patients,  and  are  therefore  at 
lower  risk  for  transfusion  related  infections. 

Current  estimates  of  the  risk  of  infection  from  blood  transfusion  range  from  1 
in  40,000  to  1  in  225,000  per  unit  for  HIV  (84-86),  1  in  200,000  per  unit  for 
Hepatitis  B  (86),  1  in  3,300  per  unit  for  Hepatitis  C  (87),  and  1  in  50,000  per  unit  for 
HTLV-I  and  HTLV-II  (86).  It  would  appear  from  this  data  that  because  of  the 
decreased  number  of  blood  products  needed,  nonoperatively  treated  patients  would 
have  a  much  lower  incidence  of  transfusion  related  diseases.  In  this  survey,  only  one 
patient  (#992)  in  the  series  developed  a  post  transfusion  infection  (Hepatitis  C). 

Even  though  this  patient  was  nonoperatively  managed,  this  patient  required  many 
more  units  of  blood  products  than  most  patients  that  are  operatively  managed, 
requiring  17  units. 
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Two  patients  (#202  and  #1520)  that  required  exploratory  laparotomies 
secondary  to  hemodynamic  decompensation  were  transfused  more  blood  products 
than  the  patients  nonoperatively  managed.  Patient  #202  required  only  slightly  more 
blood  products  than  the  average  patient  in  this  study  (4  units  versus  3.4  units),  but 
during  exploratory  laparotomy  was  not  found  to  have  any  source  of  bleeding  within 
the  abdomen.  This  patient  did  not  need  to  be  operated  on,  so  was  not  truly  a  failure 
of  nonoperative  management.  However,  patient  #1520  required  37  units  of  blood 
products  during  his  entire  admission,  and  was  emergently  taken  to  the  operating 
room  for  an  exploratory  laparotomy  on  hospital  day  9.  No  source  of  bleeding  was 
found  at  that  time,  but  10  days  later  was  taken  back  to  the  operating  room  because  of 
hemorrhage  from  erosive  gastritis.  Because  this  patient  had  a  Grade  III  splenic 
injury,  a  splenectomy  was  performed  as  well  secondary  to  his  blood  loss.  The  third 
patient  (#4027)  that  required  operative  management  for  metastatic  colon  carcinoma 
and  gangrenous  cholecystitis  only  required  2  units  of  PRBCs  for  his  colectomy. 

None  of  these  patients  developed  blood  borne  diseases  post  transfusion. 

Although  only  one  of  the  patients  in  this  series  (#992)  developed  a  post 
transfusion  infection,  this  complication  reinforces  the  fact  that  transfusion  of  blood 
products  does  carry  with  it  a  significant  risk.  Every  attempt  should  be  made  to 
minimize  transfusion  of  blood  products  whenever  possible.  In  some  cases  this  may 
require  the  patient  to  be  nonoperatively  managed,  but  in  other  cases  operative 
management  may  be  the  best  choice  for  the  patient. 

In  this  series,  there  was  one  patient  death  that  occurred  during  admission. 
Patient  #1030  died  on  hospital  day  #4  secondary  to  acute  decompensation  from 
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asthma.  His  past  medical  history  included  COPD,  a  remote  history  of  tuberculosis, 
history  of  asthma,  and  oxygen  dependency  at  home.  His  splenic  injury  and  liver 
injury  were  not  very  severe  (both  Grade  I),  and  his  only  other  associated  injury  was  a 
small  occipital  scalp  laceration.  Although  the  patient  did  have  abdominal  injuries,  it 
would  seem  that  his  death  cannot  be  directly  attributable  to  those  injuries  or  to 
nonoperative  management,  making  it  difficult  to  truly  consider  this  complication  a 
failure  of  nonoperative  management. 

For  the  rest  of  the  patients  described,  it  seems  very  unlikely  that  their  current 
medical  conditions  are  related  to  either  their  abdominal  injuries  or  to  their 
nonoperative  management.  Most  had  preexisting  conditions  to  account  for  their 
medical  problems,  or  had  risk  factors  that  makes  the  contribution  of  nonoperative 
management  likely  very  small.  With  a  few  of  the  patients,  such  as  those  with 
advanced  liver  disease,  the  blunt  hepatic  injuries  did  not  likely  help  their  condition, 
but  most  likely  did  not  contribute  significantly  to  their  cirrhosis. 

Of  course,  this  survey  has  some  serious  limitations.  First  of  all,  the  patients 
surveyed  did  not  all  follow-up  after  discharge,  so  it  is  impossible  to  determine  their 
long-term  outcomes.  If  one  assumes  that  if  a  serious  complication  arose  that  they 
would  return  to  the  hospital,  then  this  would  not  be  a  problem.  By  looking  at  our 
data,  it  would  appear  that  this  would  bear  out  since  47  patients  were  seen  again  for 
reasons  other  than  routine  follow-up.  However,  if  patients  died  outside  of  the 
hospital  system,  obtained  their  follow-up  care  at  another  institution,  or  decided  not  to 
return  to  the  hospital  despite  serious  medical  illnesses,  looking  for  further  admission 
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or  re-evaluation  data  in  the  patient  chart  would  fail  to  survey  this  patient  sub¬ 
population. 

Another  limitation  to  this  survey  is  the  patient  population  itself.  Because  a 
large  amount  of  blunt  abdominal  injury  is  secondary  to  assault  and  because  this  level 
I  trauma  center  sees  a  large  amount  of  the  indigent  population,  many  of  the  patients 
surveyed  have  coexisting  medical  conditions,  previous  history  of  abdominal  injury, 
and  multiple  risk  factors  for  blood  borne  illnesses  that  make  it  more  difficult  to 
determine  what  role  if  any  nonoperative  management  had  on  their  current  health 
status.  Also,  many  patients  in  the  survey  population  had  previous  abdominal 
operations  that  make  it  difficult  to  determine  what  role  nonoperative  management 
would  have  in  the  formation  of  adhesions,  etc. 

A  third  limitation  of  this  survey  would  be  the  power  of  the  study.  Since  no 
previous  study  has  been  performed,  it  is  impossible  to  predict  what  complications,  if 
any  would  be  found  in  the  long-term.  It  is  very  possible  that  some  complications 
may  be  so  rare  that  only  a  much  larger  study  would  be  able  to  uncover  them. 
However,  without  knowing  what  complications  to  expect,  completing  such  a  study 
would  be  an  overwhelming  task,  and  a  smaller  study,  such  as  this  one  would  be 
useful  in  determining  an  appropriate  study  size  to  look  at  the  incidence  of  certain 
complications  if  they  need  to  be  further  studied. 

Conclusion 

As  nonoperative  management  has  progressed  over  the  years,  we  are  now 
managing  more  severe  injuries  in  more  multiply  injured  patients  than  ever  before. 
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Because  of  this,  the  short-term  complication  and  failure  rates  of  nonoperative 
management  have  changed  as  criteria  for  nonoperative  management  have  become 
more  liberal  (1,  47),  and  from  this,  we  can  expect  that  long-term  complications  may 
change  as  well.  Although  further  studies  need  to  be  done,  our  initial  experience  with 
the  management  of  Grade  III  and  IV  injuries  has  not  shown  an  increase  in  specific 
complications. 

Improvements  in  care  can  only  be  made  if  the  time  is  taken  to  look  at  current 
practices  and  determine  what  their  consequences  towards  the  patient  really  are.  In 
the  case  of  nonoperative  management  of  blunt  abdominal  injuries,  it  appears  from 
this  study  that  the  incidence  of  serious  complications  is  likely  minimal. 

Because  it  has  already  been  shown  that  nonoperative  management  of  blunt 
abdominal  injuries  results  in  shorter  mean  lengths  of  stay,  quicker  recovery,  use  of 
fewer  blood  products,  and  a  decreased  morbidity  and  mortality  rate  (23,  29,  31,  34, 
47,  74-75,  77),  this  new  information  that  shows  the  long-term  complications  to  be 
minimal  is  encouraging. 

Although  prospective  randomized  trials  should  be  carried  out  to  confirm 
these  findings,  the  initial  data  presented  here  is  promising.  The  long-term  outcomes 
for  patients  treated  nonoperatively  for  blunt  abdominal  injuries  appears  to  be 
excellent  from  a  medical  standpoint,  so  now  physicians  can  be  comfortable  when 
informing  patients  of  their  long-term  prognosis. 
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(p=0.03) 

Figure  1:  Comparison  of  Succesful  and  Failed  Nonoperatively  Managed  Patients 
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Figure  2:  Patient  Injury  Data  Stratified  by  Year 
There  is  a  significant  difference  between  the  mean  injury  Severity  Score  of  the 
patients  when  they  are  stratified  according  to  year  (p=0.032),  but  no  difference 
between  mean  Splenic  (p=0.31)  or  Liver  (p=0  16)  Injury  Grades. 
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Figure  3:  ft/lean  Length  of  Stay  Stratified  by  Year 
There  is  no  significant  difference  between  the  length  of  stay 
of  hospital  patients  when  stratified  by  year  (p=0.15). 
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There  is  no  significant  difference  between  the  ages  of  the 
patients  treated  when  they  are  stratified  by  year  (p=0.94). 


Table  1 :  Injury  Data  for  Nouoperatively  Treated  Patients  (n=108) 
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